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ROTATIONAL ANGLE DETECTION DEVICE AND TEMPERATURE 
COMPENSATION METHOD THEREFOR 

TECHNICAL FIELD 

The present invention relates to a rotational angle detection device and 
a temperature compensation method therefor, and in particular, it relates to a 
derivation method therefor. 

BACKGROUND ART 

For example, as a rotational angle detection device for detecting the 
rotational angle by means of a conventional resolver, there is a rotational 
angle detection device, which is described in Japanese Patent Application 
No. 2002-127173 (hereafter referred to as "prior art"). As shown in Fig. 5, 
prior art describes that in case that an exciting coil 122, a cos phase coil 128, 
and a sin phase coil 130 are grounded through a common earth wire- 146, the 
voltage which is made as a result that an alternating current bias voltage 
which is caused by an impedance 144 of the earth wire 146 and an exciting 
current, is superimposed on an alternating-current rotational angle voltage 
whose amplitude fluctuates in dependence on a sin value of a rotor rotational 
angle 9 is output to a terminal 136 of the sin phase coil 130. As a result, a 
problem arises in that the detection accuracy of a rotor 122 rotational angle, 
which is gained from a voltage output from the terminal 136 of the sin phase 
coil 130, is lowered. To solve this problem, the prior art discloses the 
following rotational angle detection device. First, a steering wheel is slowly 
rotated through one revolution, during which the sin phase voltages are 
sampled to be stored in a RAM. Then, from the stored data in the RAM, four 
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points of the one-cycle sin phase voltages are selected for data around the 
maximum peak value (at a 90-degree steering wheel angle) and around the 
maximum bottom value (at a 270-degree steering wheel angle), and then, 
those data are added in order. By dividing each value of these added data 
by numeral 2, only the bias voltage can be derived. By subtracting this bias 
voltage from the sin phase voltage, a rotational angle voltage is calculated. 
And then, a rotational angle is derived from this rotational angle voltage. 

However, in the prior art, sufficient consideration is not given regarding 
a temperature variation which varies every moment. For example, a 
problem remains unsolved in that the rotational angle cannot be detected 
accurately for the following reason. That is, a resistance value of the 
impedance 144 has a temperature drift due to a variation in the ambient 
temperature, and as a result, the output voltage from the terminal 136 of the 
sin phase coil 130 also has a temperature drift. 

Accordingly, the present invention has been made aiming at the above 
unsolved problem in the prior art, and it is an object of the invention to 
provide a rotational angle detection device which is highly accurate not to 
involve the rotational angle error due to a temperature variation which varies 
every moment. 

DISCLOSURE OF THE INVENTION 

The first invention resides in a rotational angle detection device having: 
a rotating rotor; an exciting coil secured to the rotor and having one end 
thereof to which an alternating-current exciting current is applied and the 
other end thereof connected to an earth wire; and a stator coil stationarily 
provided around the rotor and having one end thereof for taking out an output 
voltage and the other end thereof connected to the earth wire, the stator coil 
being for outputting the voltage which is made as a result that an 
alternating-current bias voltage, caused by an impedance of the earth wire 



and the exciting current, is superimposed on an alternating-current rotational 
angle voltage the amplitude of which fluctuates in dependence on the 
rotational angle of the rotor; the rotational angle detection device comprising: 
memory means for storing data necessary to calculate values of 
temperature-dependent components in connection with the passing time from 
a reference time; rotational angle voltage detection means for calculating the 
alternating-current rotational angle voltage by subtraction means for 
subtracting the data stored in the memory means; bias detection means for 
calculating the alternating-current bias voltage by addition means for adding 
the data stored in the memory means; and means for calculating an 
amplitude value of the alternating-current rotational angle voltage, a phase 
difference of the alternating-current rotational angle voltage from the 
reference time, an amplitude value of the alternating-current bias voltage, 
and a phase difference of the alternating-current bias voltage from the 
reference time, based on values sampled by the rotational angle voltage 
detection means and the bias detection means at at least two different time 
points 

According to the first invention, when the rotor rotates relative to the 
stator coil, the output voltage which is made as a result that the 
alternating-current bias voltage, caused by the impedance of the earth wire 
and the exciting current, is superimposed on the alternating-current rotational 
angle voltage whose amplitude fluctuates in dependence on the rotational 
angle of the rotor, is generated at one end of the stator coil. The data 
memory means which stores the data necessary to calculate the values of 
the temperature-dependent components also stores data necessary to 
calculate the alternating-current rotational angle voltage and the 
alternating-current bias voltage in connection with the passing time from the 
reference time. The data memory means successively samples and stores 
the output voltages during the rotation of the rotor. The rotational angle 



voltage detection means subtracts the first output voltages and the second 
output voltages which are the same in the passing time from the reference 
time, of the data stored in the memory means by the subtraction means 
thereby to calculate the alternating-current rotational angle voltage. The 
5 bias detection means adds the first output voltages and the second output 
voltages which are the same in the passing time from the reference time, of 
- the data stored in the memory means by the addition means thereby to 
calculate the alternating-current bias voltage. The amplitude value of the 
alternating-current rotational angle voltage calculated by the rotational angle 

10 voltage detection means, the phase difference of the alternating-current 
rotational angle voltage from the reference time, the amplitude value of the 
alternating-current bias voltage calculated by the bias detection means, and 
the phase difference of the alternating-current bias voltage from the 
reference time are calculated based on the values which are sampled at at 

15 least two different time points. By using the amplitude value of the 
alternating-current rotational angle voltage, the phase difference of the 
alternating-current rotational angle voltage from the reference time, the 
amplitude value of the alternating-current bias voltage, and the phase 
difference of the alternating-current bias voltage from the reference time, the 

20 rotational angle can be detected accurately without suffering the influence of 
the temperature varying every moment. 

The second invention is characterized by providing the rotational angle 
detection device according to the foregoing first invention with means for 
successively sampling and storing the output voltages during the rotation of 

25 the rotor; means for specifying first output voltages for at least one-cycle 
including the maximum peak value, from the output voltages being stored; 
means for specifying second output voltages for at least one-cycle including 
the maximum bottom value, from the output voltages being stored; and 
means for successively subtracting and adding the first output voltages and 
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the second output voltages which are the same in the passing time from the 
reference time, of the specified first output voltages and the specified second 
output voltages. 

According to the second invention, at the electrical angle where the 

5 output voltage which is made as a result that the bias voltage is 
superimposed on the rotational angle voltage shows a peak value, the 
rotational angle voltage also shows a peak value, and at the electrical angle 
where the output voltage shows a bottom value, the rotational angle voltage 
also shows a bottom value. Therefore, the first output voltages for at least 

10 one cycle including the maximum peak value are specified from the 
memorized output voltages, and the second output voltages for at least one 
cycle including the maximum bottom value are specified from the memorized 
output voltages. Then, the alternating-current rotational angle voltage and 
the alternating-current bias voltage are calculated by successively 

15 subtracting and adding the first output voltages and the second output 
voltages which are the same in the passing time from the reference time. 

Further, the third invention resides in a temperature compensation 
method for the temperature which affects an output voltage of a rotational 
angle detection device for outputting a voltage made as a result that an 

20 alternating-current bias voltage, caused by an impedance of an earth wire 
and an exciting current, is superimposed on an alternating-current rotational 
angle voltage whose amplitude fluctuates in dependence on the rotational 
angle of a rotor, the temperature compensation method comprising: a first 
step of successively sampling the output voltages with the rotor being 

25 rotated; a second step of specifying first output voltages for at least one 
cycle in rotational angle including the maximum peak value, from the 
sampled output voltages; a third step of specifying second output voltages 
for at least one cycle in rotational angle including the maximum bottom value, 
from the sampled output voltages; a fourth step of calculating the 
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alternating-current rotational angle voltage by successively subtracting the 
first and second output voltages which are same in the passing time from a 
reference time, of on the specified first output voltages and the specified 
second output voltages; a fifth step of calculating the alternating-current bias 
voltage by successively adding the first output voltages and the second 
output voltages, which are the same in the passing time from the reference 
time, of the specified first output voltages and the specified second output 
voltages; and a sixth step of calculating an amplitude value of the 
alternating-current rotational angle voltage, a phase difference of the 
alternating-current rotational angle voltage from the reference time, an 
amplitude value of the alternating-current bias voltage, and a phase 
difference of the alternating-current bias voltage from the reference time, 
based on values which have been sampled at at least two different time 
points at the fourth step and the fifth step. 

According to the temperature compensation method relating to the third 
invention, by successively sampling the output voltages with the rotor being 
rotated, the first output voltages for at least one cycle including the maximum 
peak value can be specified from the sampled output voltages. The second 
output voltages for at least one cycle including the maximum bottom value 
can also be specified from the sampled output voltages. The 
alternating-current rotational angle voltage can be calculated by successively 
subtracting the first output voltages and the second output voltages which 
are the same in the passing time from the reference time, of the specified 
first output voltages and the specified second output voltages. The 
alternating-current bias voltage can also be calculated by successively 
adding the first output voltages and the second output voltages which are the 
same in the passing time from the reference time, of the specified first output 
voltages and the specified second output voltages. The amplitude value of 
the alternating-current rotational angle voltage, the phase difference of the 



alternating-current rotational angle voltage from the reference time, the 
amplitude value of the alternating-current bias voltage, and the phase 
difference of the alternating-current bias voltage from the reference time can 
be calculated based on the values which are sampled at at least two different 
time points from the alternating-current rotational angle voltage and the 
alternating-current bias voltage. The rotational angle detection device 
which is highly accurate not to be affected by the temperature fluctuating 
every moment can be obtained by utilizing the calculated amplitude value 
and phase difference of the alternating-current rotational angle voltage and 
the calculated amplitude value and phase difference of the 
alternating-current bias voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a structure diagram illustrating an electric power steering 
system to which a torque detection device in an embodiment of the present 
invention is applied; Fig. 2 is a block diagram illustrating a torque detection 
device; Fig. 3 is a graph showing an output voltage obtained when a rotor 
rotates 360-degrees in electrical angle; Fig. 4 is a diagram illustrating the 
maximum peak value, the maximum bottom value, and each voltage wave; 
and Fig. 5 is a block diagram illustrating a rotational angle detection device 
constituting a prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The structure of an electric power steering system 10, to which the 
present invention is applied, is shown in Fig. 1. This system 10 comprises a 
first rotational angle detection device mainly composed of an ECU 20 and a 
first resolver 15s and a second rotational angle detection device composed 
of the ECU 20 and a second resolver 16s. Further, the ECU 20, the first 
resolver 15s and the second resolver 16s constitute a torque detection 



device for converting the driver's handle steering into a torque value thereby 
to detect the same. In this electric power steering system 10, a handle 11 is 
connected with one end of a handle shaft 12, and one end of a torsion bar 14 
is connected with the other end of the handle shaft 12. The other end of the 
torsion bar 14 is connected with a pinion shaft 13 via an output shaft. A 
pinion of the pinion shaft 13 is meshing with a rack 19. The rack 19 and a 
rack housing 18H compose a rack mechanism 18. The rack mechanism 18 
is constituted to reciprocate the rack 19 axially inside of the rack housing 
18H. Both ends of the rack mechanism 18 have respective one ends of tie 
rods 21 attached thereto. Other ends of the tie rods 21 are connected with 
respective one ends of knuckle arms 22. Other ends of the knuckle arms 22 
are connected with wheels 23. 

The first resolver 15s is provided around a lower end of the 
aforementioned handle shaft 12. The first resolver 15s functions as a first 
rotational angle detection portion for detecting a first rotational angle 91 
regarding the handle shaft 12. The second resolver 16s is provided around 
a lower end of the torsion bar 14. The second resolver 16s functions as a 
second rotational angle detection portion for detecting a second rotation 
angle 82 regarding the pinion 13. The first resolver 15s and the second 
resolver 16s are electrically connected with the ECU 20. A torque detection 
device 30 is composed of the ECU 20, the first resolver 15s and the second 
resolver 16s. The ECU 20 composing the torque detection device 
calculates a steering torque value T=K T (91-92) which the driver generates by 
steering the handle 11, based on the first rotational angle 91 detected by the 
first resolver 15s and the second rotational angle 92 detected by the second 
resolver 16s. Symbol K T is a spring constant of the torsion bar 14. The 
ECU 20 is connected with a motor M, converts the calculated torque value T 
into a command current by reference to a predetermined torque/current value 
conversion map, and executes PWM (Pulse Width Modulation) control 
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through a current control section. More concrete constructions of the torque 
detection devices 30, 15s, 16s will be described later. The motor M 
transmits the generated assist torque to the rack mechanism 18 via a 
reduction gear 17. 

. 5 The operation of this electric power steering system 10 will be 

described. First, when the driver steers the handle 11, the handle shaft 12 
is rotated. When the handle shaft 12 is rotated, the pinion shaft 13 is also 
rotated via the torsion bar 14. When the pinion shaft 13 is rotated, the rack 
19 meshing with the pinion is moved axially, and the traveling direction of the 
10 wheels 23 is varied via the tie rods 21 and the knuckle arms 22. The torque 
generated from the steering action by the driver of the handle 11 is detected 
by the torque detection devices 30, 15s, 16s. The ECU 20 composing the 
torque detection device controls the motor M in dependence on the detected 
torque. 

15 When the steering torque detected by the torque detection device 30 is 

small, the ECU 20 controls the motor M to generate a small assist torque. 
When the steering torque detected by the torque detection device 30 is large, 
the ECU 20 controls the motor M to generate a large assist torque. The 
assist torque generated by the motor M is transmitted to the rack mechanism 

20 18 to assist the movement of the rack 19. Therefore, the driver can steer 
the handle 11 with a small power. 

The block diagram of the torque detection device 30 is shown in Fig. 2. 
As described above, the torque detection device 30 includes the first 
rotational angle detection device composed with the ECU 20 and the first 

25 resolver 15s and the second rotational angle detection device composed with 
the ECU 20 and the second resolver 16s. The ECU 20 is composed of a 
CPU 52 and a ROM 56, a RAM 58 and an EEPROM (Electrically Erasable 
Programmable ROM) 59 which are connected to the CPU 52 via an internal 
bus 53. The CPU 52 has ports such as input ports 52b-52e, an output port 
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52a, etc. The input ports 52b-52e are connected with an analog to digital 
converter inside of the CPU 52, so that any analog signal is converted into a 
digital signal to be processed in the CPU 52. Besides, the output port 52a 
is connected with a digital to analog converter inside of the CPU 52, so that a 
digital signal is converted into an analog signal to be output to the first 
resolver 15s, the second resolver 16s, and the motor M. The ROM 56 has 
stored therein a program for executing the derivation processing of 
temperature compensation described later, another program for torque 
calculation and the like. 

The first resolver 15s is provided with a first rotor 31, a first exciting 
coil 32, a first sin phase coil (stator coil) 34, a first cos phase coil (stator coil) 
36, etc. The second resolver 16s is provided with a second rotor 41, a 
second exciting coil 42, a second sin phase coil (stator coil) 43, a second cos 
phase coil (stator coil) 44, etc. The first rotor 31 has the first exciting coil 
32. When the first rotor 31 is rotated, the first exciting coil 32 is also rotated. 
In the preferred embodiment, although not illustrated concretely, for higher 
detection accuracy of rotational angle, the rotor coils are arranged to gain 
the electrical angle which is four times as large as the mechanical rotational 
angle of the first rotor 31. To make the electrical angle four times, there are 
provided four pairs of the south poles and the north poles, and the resolution 
of the rotational angle is increased to four times since the increase in speed 
which may otherwise be performed mechanically by the use of a number of 
gears or the like in general is performed electrically. The term "rotational 
angle" referred to hereafter means the electrical angle unless specified to the 
contrary. 

The first exciting coil 32 of the first resolver 15s is wound in a slot of 
the first rotor 31. One end of this first exciting coil 32 has an 
alternating-current exciting voltage (equation (1) described later) applied 
thereto from the output port 52a of the CPU 52, and the other end thereof is 
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connected with a common earth wire 46. Further, the second exciting coil 
42 of the second resolver 16s is wound in a slot of the second rotor 41. 
This second exciting coil 42 also has at its one end an alternating-current 
exciting voltage (equation (1) described later) applied thereto from the output 
port 52a of the CPU 52, and is connected with the common earth wire 46 at 
the other end thereof. Therefore, the total current of the first exciting 
current passing through the first exciting coil 32 and the second exciting 
current passing through the second exciting coil 42 passes through the 
common earth wire 46. Hereafter, the total current of the first exciting 
current and the second exciting current will be referred to simply as "exciting 
current". The exciting coils 32 and 42 compose a transformer in 
combination with coils (not shown) which are built in the rotors 31 and 41. 
The voltage generated in the coils which are not shown are applied as 
exciting voltages respectively to the exciting coils 32 and 42. Although in the 
preferred embodiment, a contactless-type transformer is described as means 
for applying exciting voltages to the exciting coils 32 and 42 of the first rotor 
31 and the second rotor 41 from the outside, a contact-type brush may be 
used in substitution therefor. 

The exciting voltage is expressed by the following equation (1). 
Ve = Esinwt (1) 

The exciting current is expressed by the following equation (2). 
le = lsin(wt + B) (2) 

Symbols in these equations represent the fallowings: E is the amplitude of 
the exciting voltage (volt), w is the angle speed of the exciting voltage (rad/s), 
I is the amplitude of the exciting current (amp), and B is the phase difference 
of the exciting current from the exciting voltage. The angle speed id of the 
exciting voltage has a relationship of u)=2tt/P, and P in this case is the cycle 
(s). In the preferred example, P is set to 200 us. 

The first cos phase coil 36 of the first resolver 15s is wound in a slot of 



11 



a stator which is fixed around the first rotor 31 in coaxial alignment with the 
same. This first cos phase coil 36 is connected to the input port 52b of the 
CPU 52 so that the first cos phase voltage generated at one end thereof is 
input to the input port 52b of the CPU 52, and is further connected to the 
common earth wire 46 at the other end thereof. The first cos phase voltage 
(expressed by equation (5) referred to later) is the voltage which is made as 
a result that an alternating-current bias voltage (expressed by equation (4) 
referred to later) which depends on an impedance 48 of the common earth 
wire 46 and the exciting current is superimposed on an alternating-current 
rotational angle voltage (expressed by equation (3) referred to later) whose 
amplitude fluctuates in dependence on a cos value at the rotational angle 61 
of the first rotor 31 . 

The rotational angle voltage of the first cos phase voltage is expressed 
by the following equation (3). 

Vcosl = EK(T) sin(wt + a(T)) cos(91) (3) 

The bias voltage is expressed by the following equation (4). 
Vbias = R (T) lsin(wt + 3(T)) (4) 

The first cos phase voltage is expressed by the following equation (5) which 
is obtained by adding the equation (3) and the equation (4). 

VcosIT = EK(T) sin(wt + a(T)) cos(61) + R(T) lsin(wt + B(T)) (5) 

Symbols in these equations represent the followings: K(T) is the transformer 
efficiency (no unit), a(T) is the phase difference of the first cos phase voltage 
from the exciting voltage (rad), 01 is the first rotational angle of the first rotor 
(rad), and R(T) is the impedance (Q) of the common earth wire. Further, 
each symbol with suffix (T) means that the state of the parameter 
represented by the symbol varies in dependence on the temperature. 

Next, the first sin phase coil 34 of the first resolver 15s is wound in a 
slot of the stator which is fixed around the first rotor 31 in coaxial alignment 
therewith, with a phase difference of 90-electrical angles form the 
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aforementioned first cos phase coil 36. The first sin phase coil 34 is 
connected to the input port 52c of the CPU 52 so that the first sin phase 
voltage generated at one end thereof is input to the input port 52c of the CPU 
52, and is further connected to the common earth wire 46 at the other end 
thereof. The first sin phase voltage (expressed by equation (7) referred to 
later) is the voltage which is made as a result that the alternating-current 
bias voltage (expressed by the aforementioned equation (4)) which depends 
on the impedance 48 of the common earth wire 46 and the exciting current is 
superimposed on an alternating-current rotational angle voltage (expressed 
by equation (6) referred to later) whose amplitude fluctuates in dependence 
on the sin value at the rotational angle 91 of the first rotor 31 . 

The rotational angle voltage of the first sin phase voltage is expressed 
by the following equation (6). 
Vsinl = EK(T) sin(u>t + a(T)) sin(91) (6) 

The first sin phase voltage is expressed by the following equation (7) which 
is obtained by adding the equation (6) and the equation (4). 

VsinIT = EK(T) sin(u)t + a(T)) sin(61) + R(T) lsin(wt + B(T)) (7) 

The symbols used in these equations are the same as those described in 
connection with the equations (1) to (5). 

The second cos phase coil 44 and the second sin phase coil 43 of the 
second resolver 16s are also connected with the common earth wire 46. 
Since other basic configuration of the second resolver 16s is the same as 
that of the first resolver 15s, further description thereof will be omitted. 

In this manner, the first exciting coil 31, the first cos phase coil 36 and 
the first sin phase coil 34 of the first resolver 15s and the second exciting 
coil 42, the second cos phase coil 44 and the second sin phase coil 43 of the 
second resolver 16s are connected with the common earth wire 46 to be 
grounded. Thus, the number of wirings can be reduced substantially 
compared with the manner wherein they may be connected to six separated 



earth wires. 

Next, description will be made regarding a processing content for 
making a compensation for the influence of the temperature by the use of the 
torque detection device 30 in the present embodiment. Although in the 
present embodiment, the compensation processing is executed on a real 
time basis, it may of course be executed at a certain time interval or may be 
executed when there is given a trigger or the like for the processing starting 
of the temperature compensation. 

First, it is now assumed that after beginning of applying the exciting 
voltage, the driver rotates the handle 11 illustrated in Fig. 1 thereby to rotate 
the electrical angle 61 of the first rotor 31 from 0 to 360 degrees. While the 
rotating operation is performed, the CPU 52 samples the first sin phase 
voltages of the first resolver 15s at a sampling interval of 50 ps and stores 
the data in the RAM 58. 

Where the sampled data of the first sin phase voltages are plotted with 
the horizontal axis and the vertical axis indicating the rotational angle 01 and 
the voltage value respectively, there is drawn an alternating-current 
waveform the amplitude of which fluctuates in dependence on sin (91) as 
shown in Fig. 3. However, the waveform actually becomes a waveform 
whose wavelength is much shorter than that shown in Fig. 3. For example, 
assuming that the rotational frequency of the exciting voltage is 5kHz, the 
cycle of the first sin phase voltage becomes 200 ps, and then assuming that 
it takes one second for the handle to be actually rotated through one 
revolution in electrical angle, the waveforms of 5,000 pulses are included in 
one cycle of the handle. 

The CPU 52 performs a processing for detecting the voltage data 
including the maximum peak value, of the first sin voltage data. At the 
electrical angle where the output voltage which is made as a result that the 
bias voltage is superimposed on the rotational angle voltage shows the peak 
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value, the rotational angle voltage also shows the peak value. At sin (01 )=1 , 
that is, the electrical angle 81=90 degrees, the rotational angle voltage 
shows the peak value. In the present embodiment, a sampling is performed 
for the voltage data which are included within the range of 89.5 through 90.5 
a 5 degrees (i.e., 1 degree) in electric angle 81. In an imaginary sense, the 
data in the range L1 shown in Fig. 3 are sampled. Further, the CPU 52 
performs a processing for detecting the voltage data including the maximum 
bottom value, of the first sin voltage data. At the electrical angle where the 
output voltage which is made as a result that the bias voltage is 

10 superimposed on the rotational angle voltage shows the bottom value, the 
rotational angle voltage also shows the bottom value. At sin (81)=-1, that is, 
the electrical angle 81=270 degrees, the rotational angle voltage shows the 
bottom value. In the present embodiment, a sampling is performed for the 
voltage data which are included within the range of 269.5 through 270.5 

15 degrees (i.e., 1 degree) of the electrical angle 81. In an imaginary sense, 
the data in the range L2 shown in Fig. 3 are sampled. 

Figs. 4(a) and 4(b) are graphs each setting the horizontal axis and the 
vertical axis as time and voltage respectively. Fig. 4(a) shows those data 
around the maximum peak value of the first sin phase voltages, and the 

20 rotational angle voltages and the bias voltages which compose such those 
data. Fig. 4(b) shows those data around the maximum bottom value of the 
first sin phase voltages, and the rotational angle voltages and the bias 
voltages which compose such those data. Figs. 4(a) and 4(b) are graphs in 
which the range L1 and the range L2 on the time axis shown in Fig. 3 are 

25 drawn in an enlarged scale. A symbol P in Fig. 4 designates the cycle of the 
first sin phase voltage, and the cycle is set to 200 ps in the present 
embodiment. Another symbol t in Fig. 4 designates the interval for the first 
sin phase voltages to be sampled by the CPU 52, and the interval is set to 50 
ps in the present embodiment. 
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In the foregoing manner, after sampling the first sin phase voltage data 
including the maximum peak value for several cycles and the first sin phase 
voltage data including the maximum bottom value for the several cycles, the 
mutual data which are the same in the passing time from a reference time 
are subtracted in order from each other. In the present embodiment, the 
reference time is taken as a time point reached when a period which is 
integer times as long as the cycle P expires from a time point for application 
of the exciting voltage. A rotational angle voltage including a temperature 
component is calculated by dividing each subtracted value by numeral 2. 

Then, in the same manner as the above, after sampling the first sin 
phase voltage data including the maximum peak value for several cycles and 
the first sin phase voltage data including the maximum bottom value for the 
several cycles, the mutual data which are the same in the passing time from 
the reference time are added in order to each other. A bias voltage including 
the temperature component is calculated by dividing each added value by 
numeral 2. 

Two time points to be multiplied with the rotational angle velocity which 
composes the rotational angular voltage calculated in the foregoing means 
are chosen, and rotational angular voltage values at such time points are 
taken out. This determines the values of two parameters each including the 
temperature component and composing the rotational angle voltage. Further, 
two time points to be multiplied with the rotational angle velocity which 
composes the bias voltage calculated in the foregoing means are chosen, 
and bias voltage values at such time points are taken out. This determines 
the values of two parameters each including the temperature component and 
composing the bias voltage. By using the four parameters each including the 
temperature component and calculated in the foregoing manner, the 
rotational angle which is taken out even at any time point represents 
accurate angle information which is not affected by the real time temperature 
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variation. 

The foregoing contents can be expressed by general equations as 
follows. The following equations represent a general equation (8) for the 
maximum peak values of the first sin phase voltage data and a general 
equation (9) for the maximum bottom values of the first sin phase voltage 
data. 

Vsinlmax = EK(T) sin(wt+a(T)) sin(90 degrees)+R(T) lsin(wt+3(T)) 
(8) 

Vsinlmin = EK(T) sin(wt + a(T)) sin(270 degrees)+R(T) lsin(wt+ 0(T)) 
(9) 

By subtracting the equation (9) from the equation (8) and then by dividing the 
quotient by numeral 2, 

calculation is made for (Vsinlmax - Vsinlmin) / 2 = EK(T) sin(u>t + a(T)), that 
is, the rotational angle voltage including the temperature component. Then, 
by measuring at least 2 points which are different in time t, K(T) and a(T) are 
calculated. Likewise, by adding the equation (8) and the equation (9) and by 
dividing the sum by numeral 2, 

calculation is made for (Vsinlmax + Vsinlmin) / 2 = R(T) lsin(iot +B(T)), that 
is, the bias voltage including the temperature component. Then, by 
measuring at least 2 points which are different in time t, R(T) and B(T) are 
calculated. 

Regarding the aforementioned equation (7), VsinIT is the value which 
is taken into the CPU 52 via an input port as the first sin phase voltage. 
Furthermore, the values E, w, and I are those memorized in EEPROM 62, 
and the temperature-dependant components K(T), a(T), R(T) and B(T) have 
also been calculated through the foregoing calculations. By using these 
values, the equation (7) can be transformed as follows: 
sin(01) = {VsinIT - R(T) lsin(u>t +B(T))} / EK(T) sin(wt + a(T)) 
As a result, 61 which is not affected by the change in temperature can be 
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calculated. 

Although the concrete embodiment of the present invention has been 
described above in detail, it is only for the illustration purpose and does not 
limit the scopes of the patent claims. The technologies described in the 
patent claims encompass those which are transformed and modified 
variously from the concrete embodiments illustrated above. 

(1) In the foregoing embodiment, the description has been made taking the 
example wherein the present invention is applied to the torque detection 
device having two rotational angle detection devices. However, the present 
invention may also be applied to a rotational angle detection device which is 
not a torque detection device. 

(2) Although the resolver has been shown to be of the construction having 
one exciting coil at the rotor side and two output coils at the stator side, the 
present invention may of course be applicable to a resolver of the 
construction having two exciting coils at the stator side and one or two output 
coils at the rotor side. 

INDUSTRIAL APPLICABILITY 

The rotational angle detection device and the temperature 
compensation method thereof according to the present invention are suitable 
for use in an automotive electric power steering apparatus which converts 
the rotation of a steering wheel by the driver to the axial motion of a rack 
shaft through a rack and pinion mechanism and which assists the axial 
motion of the rack shaft with a steering force amplified by an electric motor 
so that the orientation of wheels is controlled via tie rods and knuckle arms. 
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